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(57) ABSTRACT 

Data reading can be easily and precisely performed by 
setting speci?c conditions in Writing into a selected memory 
cell. A memory cell has a structure, in Which an interelec 
trode material layer is sandwiched betWeen a ?rst electrode 
and a second electrode. Data is stored by a change in a 
resistance value betWeen the ?rst electrode and the second 
electrode. The resistance value When a memory element is in 
a high resistance state is expressed as R_mem_high; the 
resistance value When the memory element is in a low 
resistance state is expressed as R_mem_loW1; the resistance 
value of a load circuit is expressed as R_load; the reading 
voltage is expressed as Vread by setting the voltage of a 
second poWer supply line to the reference voltage; and the 
threshold voltage is expressed as Vth_critical. In Writing 
data into the memory cell, the loW resistance state is created 
so that these parameters satisfy speci?c relations. The load 
circuit is formed by an element having the same structure as 
of the memory element of the memory cell. 
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MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a memory device 
for Writing data (information) by changing electrical char 
acteristics of an interelectrode material layer betWeen tWo 
electrodes. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, as a memory element capable of 
being easily formed in a simple structure, a microelectronic 
programmable element has been knoWn (Japanese Transla 
tions of PCT International Application Publication No. 
2002-536840). In the element, data is Written by applying a 
given voltage to ioniZe silver (Ag) contained in an inter 
electrode material layer betWeen tWo electrodes, moving the 
ioniZed silver to form a conduction path for electrons and the 
like, and thereby changing electrical resistance betWeen the 
foregoing electrodes. 

[0005] In the element, as a matter of convenience, a state 
that resistance betWeen the tWo electrodes is high before 
applying a voltage is a storage state of data “0,” and a state 
that resistance betWeen the tWo electrodes is loW as a result 
that metal ions are diffused in the direction of the opposite 
electrode due to application of voltage is a storage state of 
data “1.” Further, an operation to change the element from 
the high resistance state to the loW resistance state is called 
Writing operation, and an operation to return the element 
from the loW resistance state to the high resistance state is 
called erasing operation. 

[0006] In the conventional memory element, it is disclosed 
that a resistance value of the conduction path, Which comes 
into the loW resistance state after Writing is about 200 Q, and 
a resistance value of the interelectrode material layer, Which 
comes into the high resistance state after erasing is 1 M 
(mega) Q or more. Further, it is described that a resistance 
value betWeen the loW resistance state of about 200 Q and 
the high resistance state of 1 M (mega) Q or more can be 
arbitrarily created by arbitrarily limiting a current value 
applied to the memory element in Writing. 

[0007] HoWever, it is not alloWed that the resistance value 
created by Writing can be unconditionally large as long as, 
for example, a resistance change rate due to Writing is 
sufficient. 

[0008] That is, in the conventional memory element, it is 
necessary that When a Writing voltage is applied, a voltage 
(threshold voltage) at Which the resistance change is gener 
ated is 0.2 V, and When the Written data is read, a voltage to 
be applied (reading voltage) is less than 0.2 V in order not 
to generate unintended resistance change for the memory 
element. Therefore, for example, When a memory element, 
in Which a state of a high resistance value (storage state of 
data “0”) is 10 M9 and a state of a loW resistance value 
(storage state of data “1”) is 1 M9 is constructed, even if a 
voltage of 0.2 V at the maximum is applied, ?oWing currents 
are only 0.02 piA and 0.2 MA, respectively. When these 
currents are ?oWed to load resistance of, for example, 1 K9 
to convert to a voltage, a voltage difference betWeen the tWo 
is only 0.2 mV. HoWever, in the related art, it is not easy to 
read the Written data by detecting such a small voltage 
difference. 

Sep. 8, 2005 

SUMMARY OF THE INVENTION 

[0009] In vieW of such a problem, it is an object of the 
invention to provide a memory device capable of easily and 
precisely reading Written data by specifying conditions in 
Writing. 
[0010] The memory device according to the invention is a 
memory device, comprising: a memory cell array, Wherein a 
memory cell constructed from a memory element capable of 
storing a plurality of data by changing a resistance value into 
at least tWo states of high resistance and loW resistance and 
a transistor for controlling access to the memory element is 
arranged in a plurality of columns and in a plurality of roWs; 
a control means for controlling access to the memory cell, 
Which has a roW address decoder connected to a plurality of 
memory cells in the memory cell array through a Word line 
and a column address decoder connected to the plurality of 
memory cells through a bit line; a poWer supply means for 
applying a given (reading) voltage to the memory cell, 
Which includes a ?rst and a second poWer supply lines; a 
sense ampli?er for detecting data stored in the memory cell; 
and a load circuit for converting a current ?oWing to the bit 
line through the memory cell in reading to a voltage, 
Wherein When the resistance value of the memory element is 
in a high resistance state is expressed as R_mem_high; the 
resistance value of the memory element is in a loW resistance 
state is expressed as R_mem_loW1; the resistance value of 
the load circuit is expressed as R_load; the reading voltage 
applied betWeen the ?rst poWer supply line and the second 
poWer supply line for reading by setting the voltage of the 
second poWer supply line to the reference voltage is 
expressed as Vread; and the threshold voltage at Which the 
change of the resistance value of the memory element is 
generated is expressed as Vth_critical, the loW resistance 
state is created so that relations of the folloWing Formulas 
(1) and (2) are satis?ed in Writing data into the memory cell. 

Rimemilowl <= FOfInula (l) 

{Vread *Rimemihigh/ (Rimemihigh+ Riload) — 0.01} * 

Riload / { Vread * Rimemihigh/ (Rimemihigh + Riload) * 

Riload / Rimemihigh+ 

M (M is a given value such as 0.01.)} 

Vread*Rimemihigh/(RfmemfhigfHRfload)<= 
Vthicritical Formula (2) 

[0011] As a memory element constructing the memory 
cell, a memory element comprising: a ?rst electrode; a 
second electrode arranged oppositely to the ?rst electrode; 
and an interelectrode material layer capable of conducting 
electrons or ions, Which is provided betWeen the ?rst elec 
trode and the second electrode and containing a redox 
reaction active material, Wherein a voltage is applied to the 
?rst electrode and the second electrode, and thereby elec 
trical characteristics betWeen the ?rst electrode and the 
second electrode are changed and information is recorded is 
used. 

[0012] Instead of the foregoing Formulas (1) and (2), the 
folloWing Formula (3) can be applied. 

Rimemilowl <={ Vthfcritical-M} *Ril0ad/{ Vthi 
critical *Riloa d/Rimem ihi gh+M (M .' given va lue)} Formula (3) 
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[0013] In the memory device according to the invention, 
the Written data can be precisely read by satisfying the 
relations of the foregoing Formulas (1) and (2), or the 
foregoing Formula (3) in Writing into the selected memory 
cell. 

[0014] According to the memory device of the invention, 
speci?c conditions are set in Writing into the selected 
memory cell. Therefore, data reading can be easily and 
precisely performed. 

[0015] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIGS. 1A and 1B are cross sections shoWing 
constructions of a memory element according to an embodi 
ment of the invention; 

[0017] FIG. 2 is a circuit construction vieW of a memory 
device using the memory element of FIGS. 1A and 1B; 

[0018] FIG. 3 is a construction vieW of a reading circuit 
in the memory device of FIG. 2; and 

[0019] FIG. 4 is a vieW for explaining operations of the 
reading circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] An embodiment of the invention Will be hereinafter 
described in detail With reference to the draWings. 

[0021] FIG. 1A shoWs a construction of a substantial part 
of a memory device according to a ?rst embodiment of the 
invention. Though not shoWn, this memory device is con 
structed from a plurality of memory elements arranged, for 
example, in a state of a matrix. One memory element has a 
structure, in Which an interelectrode material layer 13 is 
sandWiched betWeen a pair of electrodes 11 (?rst electrode) 
and 12 (second electrode) oppositely arranged over a sub 
strate 10. Further, the memory element comprises a voltage 
application means (not shoWn) for applying a given voltage 
to the electrode 11 and the electrode 12. A periphery of the 
interelectrode material layer 13 betWeen the electrode 11 and 
the electrode 12 is surrounded by an interlayer insulating 
?lm (not shoWn). For each of the plurality of memory 
elements, an active device (transistor) (not shoWn) for 
controlling electrical access to each element is correspond 
ingly arranged, and thereby a memory cell 100 is con 
structed. 

[0022] The interelectrode material layer 13 is located 
betWeen the electrode 11 and the electrode 12, and has ion 
conductivity. For example, the interelectrode material layer 
13 is made of a material having a parent material of an 
amorphous thin ?lm containing a chalcogenide material 
such as oxygen (O), sulfur (S), selenium (Se), and tellurium 
(Te); and at least one from the group consisting of germa 
nium (Ge), silicon (Si), antimony (Sb), and indium (In), for 
example, GeSbTeGd. A ?lm thickness thereof is, for 
example, 50 nm. The interelectrode material layer 13 is 
formed by, for example, sputtering method, and then pro 
vided With annealing treatment in the mixed atmosphere of 
nitrogen and oxygen, for example. 
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[0023] The electrode 11 is made of, for example, silver 
(Ag) or copper (Cu). MeanWhile, the electrode 12 is made 
of, for example, a titanium tungsten (TiW) layer having a 
?lm thickness of 100 nm. Each ?lm thickness of the elec 
trode 11 and the electrode 12 can be a ?lm thickness as used 
for a general semiconductor device. Here, for example, the 
electrode 11 has a ?lm thickness of 50 nm, and the electrode 
12 has a ?lm thickness of 100 nm. 

[0024] In this embodiment, a redox reaction active mate 
rial (redox active species) 14 is contained, for example, in 
the electrode 11 in a state that the redox reaction active 
material is dissolved or dispersed in the electrode 11. When 
data is Written (or erased), this redox reaction active material 
14 is oxidiZed or reduced according to a state of voltage 
application to the electrode 11 and the electrode 12. In the 
result, as shoWn in FIG. 1B, a conduction path 15 for 
electrons or ions is formed or disappeared betWeen the 
electrode 11 and the electrode 12. 

[0025] As the redox reaction active material 14, for 
example, a metal such as silver (Ag), copper (Cu), nickel 
(Ni), cobalt (Co), chromium (Cr), titanium (Ti), tantalum 
(Ta), iron (Fe), aluminum (Al), and vanadium (V); and a 
semiconductor such as silicon (Si) and germanium (Ge) can 
be cited. Further, a reductant (HxWO3) of tungstic oxide 
(WO3) and an oxide of vanadium (V) have the similar 
function, and therefore can be used as the redox reaction 
active material 14. Cations obtained by oxidiZing the redox 
reaction active material 14 Will be hereinafter referred to as 
elution ions. In the case of silver, the cation (elution ion) is 
monovalent Ag". 

[0026] Here, the redox reaction active material 14 is 
contained in the electrode 11. HoWever, the redox reaction 
active material 14 can be contained in the electrode 12 or the 
interelectrode material layer 13. 

[0027] In the memory device of this embodiment, a given 
voltage is applied to the electrode 11 and the electrode 12 in 
the state shoWn in FIG. 1A. Thereby, as shoWn in FIG. 1B, 
the active species is ioniZed and elutes from the elution 
electrode (electrode 11) side containing the redox reaction 
active material 14, and moves in the direction of the opposite 
electrode (electrode 12), and then receives electrons from 
the electrode 12 side and is deposited again, or is deposited 
While recombining With electrons ?oWing from the electrode 
12 side through the interelectrode material layer 13 in the 
high resistance state and provided betWeen the tWo elec 
trodes 11 and 12. In the result, the conduction path 15, 
through Which electrons or ions are conducted from the 
electrode 12 side to the electrode 11 side is formed, and data 
is Written. Such a basic mechanism is similar to of the 
conventional memory devices. 

[0028] Next, descriptions Will be given of features of the 
memory device of this embodiment in contrast to that of the 
foregoing conventional memory device. 

[0029] First, for the conventional memory device, mecha 
nisms of operations of data Writing and data erasing and 
important items then Will be described in detail. In this 
memory device, a state that resistance betWeen the tWo 
electrodes is high before applying a voltage is called “off 
state” (data “0”), and a state that resistance betWeen the tWo 
electrodes is loW as a result that metal ions are diffused in the 
direction of the opposite electrode due to application of 
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voltage is called “on state” (data “1”). An operation to 
change the element from the high resistance state to the loW 
resistance state is called Writing operation, and an operation 
to return the element from the loW resistance state to the high 
resistance state is called erasing operation. 

[0030] As a structure of this memory device, in the fore 
going Japanese Translations of PCT International Applica 
tion Publication No. 2002-536840, in addition to the struc 
ture, in Which only the interelectrode material layer made of 
an ion conductor exists betWeen the tWo electrodes, a 
structure, in Which a barrier layer eXists along With the 
interelectrode material layer betWeen the tWo electrodes is 
disclosed. In these examples, voltages applied for Writing 
and erasing and items generated then are as folloWs: 

[0031] (1) Writing operation is generated When a volt 
age equal to or more than a certain threshold voltage is 
applied. 

[0032] (2) The threshold voltage at Which Writing is 
generated is approximately equal to redoX potential of 
the system. 

[0033] (3) The foregoing threshold voltage is several 
hundred mV, and is probably from 200 mV to 300 mV. 

[0034] (4) When a voltage equal to or more than the 
foregoing threshold is applied, ions are moved in the 
direction of the opposite electrode, and an electrical 
deposit (conduction path) is formed in the vicinity of 
the opposite electrode. In the result, resistance betWeen 
the tWo electrodes becomes the loW state. 

[0035] (5) Reading operation is generated When a volt 
age equal to or more than the threshold voltage in 
Writing operation is applied in the opposite direction of 
Writing. 

[0036] (6) When the voltage equal to or more than the 
foregoing threshold is applied, the deposited electrical 
matter is dissolved and disappeared. In the result, 
resistance betWeen the tWo electrodes returns to the 
high state. 

[0037] In the case of the structure, in Which the barrier 
layer eXists, a graph of current and voltage characteristics 
With a threshold of 1.4 V is disclosed. MeanWhile, it is 
described that erasing operation is performed by giving a 
sufficient erasing voltage equal to or more than the threshold 
voltage. This means that it is required to apply a voltage 
equal to or more than the voltage in the case of no barrier 
layer. Further, in these examples, a resistance value in the 
loW resistance state after Writing is about 200 Q, and a 
resistance value in the high resistance state after erasing is 
1 M9 or more. 

[0038] Further, in these examples, as mechanisms of Writ 
ing and erasing, the folloWing is disclosed. In the case of 
Writing operation, as a voltage to make the active species 
into cations, the voltage equal to or more than the foregoing 
threshold voltage is given to the electrode containing the 
redoX reaction active species (redoX active species). In the 
result, the redoX reaction active species becomes cations and 
elutes from the electrode. The eluting cations are diffused 
toWard the opposite electrode, receive electrons from the 
opposite electrode side, are deposited, and form the conduc 
tion path. Thereby, the element becomes the loW resistance 
state, and data is Written. In the case of erasing operation, as 
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a voltage to make the redoX reaction active species, Which 
has been deposited to form the conduction path, into cations, 
a voltage equal to or more than the foregoing threshold 
voltage in the opposite direction is given to the foregoing 
opposite electrode. In the result, the redoX reaction active 
species, Which has formed the conduction path, elutes, and 
thereby the conduction path is disappeared. Therefore, the 
element returns to the high resistance state. This is a state 
that the foregoing Written data is erased to return to the state 
before Writing. The above is the operation mechanism of the 
conventional memory device. 

[0039] Further, in this memory device, it is disclosed that 
the foregoing resistance value betWeen the loW resistance 
state of about 200 Q and the high resistance state of 1 M9 
or more can be arbitrarily created by arbitrarily limiting a 
current value ?oWed to the memory element in Writing as the 
folloWing resistance value according to a relation of the 
folloWing Formula 

R(,n=V‘/Ih;m Formula (4) 
[0040] Where ROn represents a resistance value obtained 
as a result of performing Writing process, Vt represents a 
threshold voltage of Writing process, and Ihirn represents the 
maXimum current ?oWing during Writing operation. 
[0041] In a general memory device such as a DRAM 
(Dynamic Random Access Memory), one memory device 
comprises a plurality of unit memory cells. The plurality of 
unit memory cells (also simply referred to as a unit cell or 
a memory cell) generally forms a memory cell array, in 
Which the memory cells are aligned in a plurality of columns 
and in a plurality of roWs. In order to select one memory cell 
eXisting in a given roW and a given column from this 
memory cell array to Write data into the element thereof or 
to read data from the element thereof, it is essential that each 
memory cell comprises a Word line for selecting a given roW, 
a bit line for selecting a given column, and an access 
transistor for controlling access to the memory cell together. 

[0042] Here, the Word line has a role to select a given roW 
from the memory cell array, and also has a role as a control 
line for turning on/off the access transistor. MeanWhile, the 
bit line has a role to select a given column from the memory 
cell array, and also has a role as a data line in the case of 
Writing data into the memory cell and reading data from the 
memory cell. In addition, each memory cell requires a poWer 
supply line for supplying a poWer supply voltage and a 
ground voltage to the memory cell. 

[0043] The memory device of this embodiment also has a 
construction as above similarly to of the conventional 
memory device. FIG. 2 shoWs an outline thereof. Amemory 
cell 100 is constructed from a memory element 101 shoWn 
in FIGS. 1A and 1B and an access transistor 102. Amemory 
cell array 103, in Which the memory cells 100 are aligned in 
a plurality of columns and in a plurality of roWs is formed. 
Each memory cell 100 is connected to a Word line 104, a bit 
line 105, a ?rst poWer supply line 106, and a second poWer 
supply line 107 (refer to FIG. 3). Each Word line 104 is 
connected to a roW address decoder 108. The bit line 105 is 
connected to a column address decoder 109. The memory 
cell 100 targeted for Writing, erasing, or reading is selected 
from the memory cell array 103 by the roW address decoder 
108 and the column address decoder 109. Further, each bit 
line 105 is connected to an after-mentioned sense ampli?er 
112. Data read from the selected memory cell 100 is detected 
by the sense ampli?er 112. 
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[0044] Writing data into this memory device is performed 
by applying a given voltage to the memory cell 100 to be 
selected. That is, a column to Which the memory cell 100 
targeted for Writing is connected is selected from the 
memory cell array 103, and a voltage for data Writing is 
applied to the bit line 105 thereof. MeanWhile, a voltage at 
Which data Writing is not generated even When the voltage 
is applied to the memory cell is applied to other bit lines. 
Concurrently, a roW to Which the memory cell 100 targeted 
for Writing is connected is selected, a control voltage at 
Which the access transistor 102 of the memory cell 100 is 
turned on and data Writing into the memory cell 100 is 
enabled is applied to the Word line 104 thereof. MeanWhile, 
a voltage for controlling the access transistor 102 so that data 
Writing into the memory cells connected to other Word lines 
is not performed is applied to such other Word lines. 
Thereby, ineXpectant data Writing into unselected memory 
cells can be prevented, While data Writing can be performed 
by giving a desired data Writing voltage only to the selected 
memory cell 100. 

[0045] The foregoing case has been described on the 
assumption that the Writing voltage is applied to the bit line 
105 and the voltage loWer than the Writing voltage (for 
eXample, ground voltage) is applied to the second poWer 
supply line 107. HoWever, it is possible that the memory 
element has an opposite resistance structure of the foregoing 
(that is, the loW resistance state is “0,” and the high resis 
tance state is “1”), and thereby Writing is performed by 
applying a Writing voltage to the poWer supply line and 
applying loWer potential than potential of the poWer supply 
line (for eXample, ground voltage) to the bit line to Which the 
memory cell targeted for Writing is connected. 

[0046] Further, in the foregoing eXample, Writing is per 
formed into one memory cell 100. HoWever, it is possible to 
concurrently perform Writing into a plurality of memory 
cells by contriving a voltage applied to each memory cell 
100. In the foregoing eXample, descriptions have been given 
of data Writing into the memory cell and controlling the 
access transistor by applying the voltage. HoWever, accord 
ing to structures of the element and the access transistor to 
be used, it is possible to adopt a construction, in Which data 
Writing into the memory cell 100 and controlling the access 
transistor 102 are enabled by applying current. 

[0047] For reading the data Written in the memory cell 
100, access is made to the memory cell 100 by a method 
similar to of the foregoing Writing operation, and a voltage 
loWer than the voltage at Which data Writing is generated is 
applied to the cell. The data stored in the memory cell can 
be read by a ?oWing current resulting from applying the 
reading voltage, or converting such a ?oWing current to a 
voltage. For erasing the data stored in the memory cell, 
access is made to the cell by a method similar to of the 
foregoing Writing operation, and a voltage is applied in the 
opposite direction of the Writing voltage. 

[0048] Next, requirements for detecting Written data (that 
is, a change of a resistance value of the memory element) 
Will be described. FIG. 3 shoWs a construction of a reading 
circuit 120 for reading data from the memory cell 100. Here, 
the memory cell 100 and a reference cell 200 are respec 
tively constructed from the memory element 101 and the 
access transistor 102 shoWn in FIG. 2. The access transistor 
102 in the memory cell 100 is connected to the second poWer 
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supply line 107 via a sWitching transistor 110A and a load 
circuit 111A through a bit line 105A. The access transistor 
102 in the reference cell 200 is connected to the second 
poWer supply line 107 via a sWitching transistor 110B and a 
load circuit 111B through a bit line 105B. The respective 
memory elements 101 in the memory cell 100 and the 
reference cell 200 are connected to the ?rst poWer supply 
line 106. 

[0049] The load circuits 111A and 111B are intended to 
convert a cell current ?oWing in this system in reading to a 
voltage. In this embodiment, these load circuits 111A and 
111B are also constructed by connecting the memory ele 
ment 101 shoWn in FIGS. 1A and 1B to the bit line 105A 
or 105B in series or in parallel. A connection point betWeen 
the sWitching transistor 110A and the load circuit 111A, and 
a connection point betWeen the sWitching transistor 110B 
and the load circuit 111B are respectively connected to an 
input terminal of the sense ampli?er 112. In the sense 
ampli?er 112, a reading signal, that is the change of the 
resistance value of the memory cell 100 (Writing data) is 
detected by comparing With a resistance value of the refer 
ence cell 200. 

[0050] In the circuit shoWn in FIG. 2, the memory element 
101 is connected to the ?rst poWer supply line 106 side. 
HoWever, needless to say, it is possible to adopt a construc 
tion that the memory element 101 and the access transistor 
102 are arranged oppositely to the foregoing, and the access 
transistor 102 is connected to the ?rst poWer supply line 106 
side. Further, the reading circuit 120 shoWn in FIG. 3 shoWs 
a bare minimum of simpli?ed construction for determining 
Whether the data retained in the memory element 101 is “0” 
or “1,” and contents of the circuit are not limited to this 
eXample. Further, as potential giving to the poWer supply 
line, it is possible to adopt a construction that the ?rst poWer 
supply line 106 is set to positive potential, from Where a 
current ?oWs to the sense ampli?er 112, or it is possible to 
adopt a construction that the ?rst poWer supply line 106 is 
set to ground potential or negative potential, and a current 
?oWs from the sense ampli?er 112 to the ?rst poWer supply 
line 106. 

[0051] Next, conditions required for detecting the change 
of the resistance value due to Writing and operations of the 
memory element of this embodiment for realiZing the con 
ditions in the foregoing system Will be described. 

[0052] Currently, a product, in Which an AD converter 
circuit for A/D (analog/digital) converting an analog input 
signal of 1.8 V to a digital signal of 10 bits, that is, 1,024 
gradations is incorporated in a system LSI (Large Scale 
Integrated Circuit) as one function is broadly in the market 
place. In this case, a voltage Width per one gradation is 1.8 
mV, and a voltage difference of 1.8 mV is detected, Which 
is converted to the digital signal. 

[0053] In vieW of the foregoing, in the memory device of 
this embodiment, if a voltage difference of 10 mV as a 
reading signal voltage difference is generated betWeen the 
bit line 105A to Which the memory cell 100 targeted for 
reading is connected and the bit line 105B to Which the 
reference cell 200 is connected, it is suf?ciently possible to 
amplify such a voltage difference in the sense ampli?er 112 
to determine a value of the input signal. 

[0054] In this embodiment, the reading voltage difference 
of, for eXample, 10 mV is generated betWeen the bit line 
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105A of the memory cell 100 and the bit line 105B of the 
reference cell 200 by setting the following conditions. 

[0055] First, among four resistance components construct 
ing resistance R_total of the reading circuit 120, that is, 
R_mem_loW1(resistance component of the memory element 
101), R_on_access (resistance component of the access 
transistor 102), R_on_sW (resistance component of the 
sWitching transistors 110A and 110B), and R_load (resis 
tance component of the load circuits 111A and 111B), 
R_on_access and R_on_sW can be ignored since their siZes 
are small as described above. Further, as described above, 
When reading is performed, it is necessary that a voltage 
applied to the memory element is not over each threshold 
voltage, no matter What the voltage is applied in the same 
direction as of Writing or in the same direction as of reading. 
The threshold voltage in this case is expressed as Vth_criti 
cal. 

[0056] In the system, in Which the resistance value of the 
memory element 101 can be R_mem_high or less, required 
conditions to prevent a voltage more than Vth_critical from 
being applied to the memory element 101 are that a voltage 
applied to the cell, in Which the resistance value is in a state 
of R_mem_high is equal to or less than the foregoing 
Vth_critical. 
[0057] Therefore, as shoWn in FIG. 4, considering the 
case, in Which the resistance value of the memory element 
in the memory cell 100 targeted for reading is in the high 
resistance state, and the resistance value of the memory 
element in the reference cell 200 is a value different from the 
foregoing value, that is, in the loW resistance state, the 
required conditions for generating the reading voltage dif 
ference of 10 mV betWeen the bit line 105A of the memory 
cell 100 and the bit line 105B of the reference cell 200 can 
be derived. 

[0058] In FIG. 4, When the resistance value of the memory 
element in the memory cell 100 in the high resistance state 
is expressed as R_mem_high; the resistance value of the 
memory element in the reference cell 200 in the loW 
resistance state is expressed as R_mem_loW1; the resistance 
value of the load circuits 111A and 111B for converting the 
cell current ?oWing in this system in reading to a voltage is 
expressed as R_load; the reading voltage applied betWeen 
the ?rst poWer supply line 106 and the second poWer supply 
line 107 for reading by setting the voltage of the second 
poWer supply line 107 to the reference voltage is expressed 
as Vread; the voltage applied to the memory element When 
the reading voltage Vread is applied in the circuit, in Which 
the memory element is in the high resistance state R_mem 
_high is expressed as Vr_mem0; the voltage applied to the 
load circuits 111A and 111B When the reading voltage Vread 
is applied is expressed as Vr_load0; a voltage output to an 
output terminal 0 by setting the voltage of the second poWer 
supply line 107 to the reference voltage is expressed as 
Vout0; the voltage applied to the memory element When the 
reading voltage Vread is applied in the circuit, in Which the 
memory element is in the loW resistance state R_mem_loW1 
is expressed as Vr_mem1; the voltage applied to the load 
circuits 111A and 111B When the reading voltage Vread is 
applied is expressed as Vr_load1; the voltage output to an 
output terminal 1 by setting the voltage of the second poWer 
supply line 107 to the reference voltage is expressed as 
Vout1; and the voltage difference betWeen Vout1 and Vout0, 
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Which is obtained by Vout1-Vout0 is expressed as Vout_diff, 
the folloWing Formula (5) to Formula (7) are realiZed. 

[0059] Therefore, conditions for obtaining 10 mV or more 
of the voltage difference Vout_diff betWeen Vout0 and Vout1 
are as the folloWing Formula 

(RimemihigiwRiload) }>=0.01 Formula (8) 

[0060] That is, 

Rimemilowl <= Formula (9) 

{Vread *Rimemihigh/ (Rimemihigh+ Riload) — 0.01} * 

Riload / { Vread * Rimemihigh/ (Rimemihigh + Riload) * 

Riload/Rimemihigh + 0.01} 

[0061] MeanWhile, as mentioned above, When reading is 
performed, it is necessary that a voltage applied to the 
memory element is not over each threshold voltage Vth 
_critical, no matter What the voltage is applied in the same 
direction as of Writing or in the same direction as of reading. 
Required conditions to prevent a voltage more than the 
foregoing Vth_critical from being applied to the memory 
element in the system, in Which the resistance value of the 
memory element can be equal to or less than R_mem_high 
are that the voltage applied to the cell, in Which the resis 
tance value is R_mem_high is equal to or less than the 
foregoing Vth_critical. Therefore, it is necessary to satisfy 
the folloWing relations Formulas (10) and (11) as Well. 

VrimemO <=Vthicritical 

[0062] That is, 
Vread*Rimemihigh/(RfmemfhigfHRfload)<= 
Vthicritical 

Formula (10) 

Formula (11) 

[0063] The foregoing can be summariZed as folloWs. In 
the memory device of this embodiment, the Written data can 
be precisely read by performing Writing process so that the 
folloWing relational Formulas (12) and (13) are satis?ed. 

Rimemilowl <= Formula (12) 

{Vread * Rimemihigh/ (Rimemihigh + Riload) — 0.01} * 

Riload / { Vread * Rimemihigh/ (Rimemihigh + Riload) * 

Riload/ Rimemihigh + 0.01} 

Vread*Rimemihigh/(RimemihiglwRiload)<: 
Vthicritical Formula (13) 

[0064] Further, the Written data can be also precisely read 
by performing Writing operation so that the folloWing rela 
tion is satis?ed. 

Rimemilowl <={ Vthfcritical-OD 1 }*Ril0ad/ 
{Vthicritical’l‘Riload/Rim emihigh+0.01} Formula (14) 

[0065] To take an example, Vth_critical is about 0.2 V. In 
this case, for example, in the case of R_load=100 K9 and 
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R_mem_high=100 KS2, the Written data can be precisely 
read by performing Writing operation for the memory ele 
ment so that R_mem_loW1<=90 KS2 can be obtained. 

[0066] Similarly, the Written data can be precisely read by 
performing Writing operation for the memory element so 
that R mem_loW1<=63 KS2 can be obtained in the case of 
R_load=10 KS2 and R_mem_high=100 KS2; R_mem 
_loW1<=16 KS2 can be obtained in the case of R_load=1 KS2 
and R_mem_high=100 KS2; R_mem_loW1<=9.4 KS2 can be 
obtained in the case of R_load=100 KS2 and R_mem_high= 
10 KS2; R_mem_loW1<=9 KS2 can be obtained in the case 
of R_load=10 KS2 and R_mem_high=10 KS2; and R_mem 
_loW1<=6 KS2 can be obtained in the case of R_load=1 KS2 
and R_mem_high=10 KS2. 

[0067] In the memory device of this embodiment, in 
Writing, the voltage equal to or more than the threshold 
voltage at Which resistance change is generated is applied to 
the memory element. MeanWhile, in reading, reading pro 
cess is performed by applying the voltage equal to or less 
than the foregoing threshold voltage to the memory element. 
Therefore, in Writing, more cell current ?oWs than in read 
ing. In vieW of operations as electronic equipment and from 
the perspective that an operation current is reduced, it is 
preferable that the cell current is smaller, that is, it is 
preferable that the resistance value R_mem_loW1 of the 
memory element in the loW resistance state after Writing is 
larger. 

[0068] As described above, for example, When a memory 
device, in Which the resistance value R_load of the load 
circuits 111A and 111B for converting the cell current 
?oWing in the system in reading to a voltage is 100 KS2, the 
resistance value R_mem_high When the memory element is 
in the high resistance state is 100 KS2, and the resistance 
value R_mem_loW1 When the memory element is in the loW 
resistance state is 90 KS2 is formed, the memory device With 
small operation current can be realiZed. HoWever, in this 
case, as mentioned above, in order to precisely read the data 
stored in the memory element, it is necessary that the 
resistance value R_load of the load circuits 111A and 111B 
are equal to or more than 100 KS2. 

[0069] If the foregoing is tried to be formed by using a 
diffusion layer (silicon substrate layer) With sheet resistance 
of, for example, about 100 S2 resulting from doping of 
impurities as performed in general semiconductor devices, 
for example, an area being 130 nm Wide and 130 pm long 
is required even if the design rule of 130 nm generation is 
used. Further, a circuit area also becomes large, resulting in 
high manufacturing costs of the memory device. 

[0070] For resolving this problem, in this embodiment, the 
load circuits 111A and 111B for converting the cell current 
?oWing in the system in reading from the memory element 
101 to a voltage are formed by connecting in series or in 
parallel one or a plurality of elements having the same 
structure as of the memory element 101 shoWn in FIGS. 1A 
and 1B per one bit line 105. 

[0071] For example, assume that a siZe of the memory 
element is 130 nm><130 nm. If the resistance value R_mem 
_high When the memory element is in the high resistance 
state is 100 KS2 and the resistance value R_mem_loW1 When 
the memory element is in the loW resistance state is 90 KS2, 
load resistance of 100 KS2 or 90 KS2 can be formed With the 
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siZe of 130 nm><130 nm. This area is signi?cantly small 
compared to the case that the memory element is formed by 
using the diffusion layer (silicon substrate layer) With sheet 
resistance of, for example, about 100 S2 resulting from 
doping impurities as mentioned above. Further, it becomes 
possible to form a given resistance value by connecting the 
plurality of foregoing memory elements in series or in 
parallel. 
[0072] HoWever, When the memory element 101 of FIG. 
2 is used for the load circuits 111A and 111B as above, it is 
necessary that in reading the data stored in the memory 
element 101, a reading voltage is set so that a voltage equal 
to or more than the threshold voltage at Which resistance 
change is generated is not applied not only to the memory 
element of the memory cell 100 but also to the memory 
element of the reference cell 200. 

[0073] The memory device of the invention is effective for 
devices such as a mobile computer driven by a battery, 
requiring small poWer consumption. In particular, the 
memory device of the invention can be utiliZed for a 
nonvolatile programmable device. 

[0074] Obviously many modi?cations and variations of 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims the invention may be practiced 
otherWise than as speci?cally described. 

What is claimed is: 
1. A memory device, comprising: 

a memory cell array, Wherein a memory cell constructed 
from a memory element capable of storing a plurality 
of data by changing a resistance value into at least tWo 
states of high resistance and loW resistance and a 
transistor for controlling access to the memory element 
is arranged in a plurality of columns and in a plurality 
of roWs; 

a control means for controlling access to the memory cell, 
Which has a roW address decoder connected to a 

plurality of memory cells in the memory cell array 
through a Word line and a column address decoder 
connected to the plurality of memory cells through a bit 
line; 

a poWer supply means for applying a given (reading) 
voltage to the memory cell, Which includes a ?rst and 
a second poWer supply lines; 

a sense ampli?er for detecting data stored in the memory 
cell; and 

a load circuit for converting a current ?oWing to the bit 
line through the memory cell in reading to a voltage, 
Wherein 

When the resistance value of the memory element is in a 
high resistance state is expressed as R_mem_high; the 
resistance value of the memory element is in a loW 
resistance state is expressed as R_mem_loW1; 

the resistance value of the load circuit is expressed as 
R_load; the reading voltage applied betWeen the ?rst 
poWer supply line and the second poWer supply line for 
reading by setting the voltage of the second poWer 
supply line to the reference voltage is expressed as 
Vread; and the threshold voltage at Which the change of 
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the resistance value of the memory element is gener 
ated is expressed as Vth_critical, the loW resistance 
state is created so that relations of the following For 
mulas (1) and (2) are satis?ed in Writing data into the 
memory cell. 

Rimemilowl <= FOfInula (l) 

{Vread * Rimemihigh/ (Rimemihigh + Riload) — 0.01} * 

Riload / { Vread * Rimemihigh/ (Rimemihigh + Riload) * 

Riload /Rimemihigh+ M (M: given value)} 

Vread*Rimemihigh/(RfmemfhigfHRfload)<= 
Vthicritical Fromual (2) 

2. Amemory device according to claim 1, Wherein the M 
is 0.01. 

3. A memory device according to claim 1, Wherein the 
load circuit is constructed by connecting an element having 
the same structure as of the memory element to the bit line 
in series or in parallel. 

4. A memory device according to claim 1, Wherein the 
memory element comprises: a ?rst electrode; a second 
electrode arranged oppositely to the ?rst electrode; and an 
interelectrode material layer capable of conducting electrons 
or ions, Which is provided betWeen the ?rst electrode and the 
second electrode and contains a redox reaction active mate 
rial, Wherein 

a voltage is applied to the ?rst electrode and the second 
electrode, and thereby electrical characteristics 
betWeen the ?rst electrode and the second electrode are 
changed and information is recorded. 

5. A memory device, comprising: 

a memory cell array, Wherein a memory cell constructed 
from a memory element capable of storing a plurality 
of data by changing a resistance value into at least tWo 
states of high resistance and loW resistance and a 
transistor for controlling access to the memory element 
is arranged in a plurality of columns and in a plurality 
of roWs; 

a control means for controlling access to the memory cell, 
Which has a roW address decoder connected to a 

plurality of memory cells in the memory cell array 
through a Word line and a column address decoder 
connected to the plurality of memory cells through a bit 
line; 
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a poWer supply means for applying a given (reading) 
voltage to the memory cell, Which includes a ?rst and 
a second poWer supply lines; 

a sense ampli?er for detecting data stored in the memory 
cell; and 

a load circuit for converting a current ?oWing to the bit 
line through the memory cell in reading to a voltage, 
Wherein 

When the resistance value of the memory element in a 
high resistance state is expressed as R_mem_high; the 
resistance value of the memory element in a loW 
resistance state is expressed as R_mem_loW1; the resis 
tance value of the load circuit is expressed as R_load; 
the reading voltage applied betWeen the ?rst poWer 
supply line and the second poWer supply line for 
reading by setting the voltage of the second poWer 
supply line to the reference voltage is expressed as 
Vread; and the threshold voltage at Which the change of 
the resistance value of the memory element is gener 
ated is expressed as Vth_critical, the loW resistance 
state is created so that a relation of the folloWing 
Formula (3) is satis?ed in Writing data into the memory 
cell. 

Rimemilowl <={ Vthfcritical-M} *Ril0ad/{ Vthi 
critical *Ril0ad/Rimemihigh+M (M: given value)} Formula (3) 

6. A memory device according to claim 5, Wherein the M 
is 0.01. 

7. A memory device according to claim 5, Wherein the 
load circuit is constructed by connecting an element having 
the same structure as of the memory element to the bit line 
in series or in parallel. 

8. A memory device according to claim 5, Wherein the 
memory element comprises: a ?rst electrode; a second 
electrode arranged oppositely to the ?rst electrode; and an 
interelectrode material layer capable of conducting electrons 
or ions, Which is provided betWeen the ?rst electrode and the 
second electrode and contains a redox reaction active mate 
rial, Wherein 

a voltage is applied to the ?rst electrode and the second 
electrode, and thereby electrical characteristics 
betWeen the ?rst electrode and the second electrode are 
changed and information is recorded. 


